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The last decade has seen a significant growth of our knowledge of the Neandertals, a population of
Pleistocene hunter-gatherers who lived in (western) Eurasia between ∼400,000 and 40,000 y ago. Starting
from a source population deep in the Middle Pleistocene, the hundreds of thousands of years of relative
separation between African and Eurasian groups led to the emergence of different phenotypes in Late
Pleistocene Europe and Africa. Both recently obtained genetic evidence and archeological data show that
the biological and cultural gaps between these populations were probably smaller than previously
thought. These data, reviewed here, falsify inferences to the effect that, compared with their near-modern
contemporaries in Africa, Neandertals were outliers in terms of behavioral complexity. It is only around
40,000 y ago, tens of thousands of years after anatomically modern humans first left Africa and thousands
of years after documented interbreeding between modern humans, Neandertals and Denisovans, that we
see major changes in the archeological record, from western Eurasia to Southeast Asia, e.g., the emer-
gence of representational imagery and the colonization of arctic areas and of greater Australia (Sahul).
Neandertals | early modern humans |Middle Paleolithic |Middle Stone Age
Neandertals were the first extinct hominins identified
on the basis of fossil skeletal remains, recovered in
1856 during quarrying work at the Feldhofer Grotte
near Düsseldorf, Germany, and baptized as Homo
neanderthalensis in 1864 (1). Ever since their 19th cen-
tury discovery, paleoanthropologists and archeolo-
gists have been struggling with the interpretation of
the skeletal and archeological records of these homi-
nins. Their close relationship to modern humans made
Neandertals an interesting “outgroup” for the study of
the biological and cultural features characterizing our
own species. Hence, for a long time, the field of Ne-
andertal studies has been struggling with a wide vari-
ety of viewpoints on Neandertal vs. their modern
human contemporaries’ behavioral and cognitive dif-
ferences and similarities and over the role of inferred
Neandertal inferiority in their demise, at about 40 ka
(1 ka= 1,000 y before present) (2). Recent studies have
shed new light on these debates, as a result of new
finds and developments in the fields of archeology
and paleontology, and by spectacular progress in
the study of ancient genomes. Such studies have
established that Neandertals did contribute to the
modern human gene pool, with all humans who trace
their ancestry beyond sub-Saharan Africa carrying Ne-
andertal DNA making up around 1–4% of their
genome (3, 4), with the models for estimating this
gene flow still developing.
The modern human phenotype evolved in the
Middle Pleistocene in Africa and from there expanded
its range into Eurasia, reaching the Levant by around
100 ka and possibly surfacing in southern China
already at 80 ka (5). In light of admixture between
modern humans and a variety of archaic hominins,
one can suppose that modern humans were always
part of what Pääbo recently called “. . .a ‘hominin
metapopulation’-that is, a web of different hominin
populations, including Neanderthals, Denisovans
and other groups, who were linked by limited, but
intermittent or even persistent, gene flow” (6). Inter-
breeding may have helped migrating modern humans
to adapt to non-African environments, profiting from
gene variants that had evolved in Neandertals as ad-
aptations to living in the colder settings of Pleistocene
midlatitude Eurasia (7), as well as to local pathogens
(8, 9). The genetic evidence for (some form of) biolog-
ical “compatibility” between Neandertals andmodern
humans has certainly had an impact on the interpreta-
tion of the archeological record of Neandertals, by
creating “accommodation space” for the view that
the purported behavioral “gap” between these two
groups in the metapopulation was narrower than most
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[for prominent exceptions, see the work of d’Errico (10) and Zilhão
(11)] would have acknowledged less than a decade ago (for a
review, see ref. 2). Nevertheless, the view that modern humans
were superior in a wide range of domains, including weaponry,
subsistence strategies, and cooperation skills, and that this would
have led to a fast demise of Neandertals and other archaic pop-
ulations is still a prominent one (12).
It is these archeological data that will be reviewed in the
present paper. We focus on the archeological record created by
the Neandertals in the hundreds of thousands of years in which
they existed in a wide range of environments over major parts of
Eurasia, address the character of their adaptations through their
vast geographical range and time span, and compare these with
other populations, mostly contemporary near-modern humans in
Africa and Asia but also with later modern humans, e.g., those of
the Eurasian Upper Paleolithic.
Neandertals in Time and Space
Whereas a few decades ago, Neandertals were seen as a mainly
Late Pleistocene phenomenon, our sister lineage now appears to
have a much greater time depth, reaching back far into theMiddle
Pleistocene. Some of the cranio-mandibular features characteris-
tic for the Late Pleistocene “classic” Neandertals are already
present in the Sima de los Huesos (SH) assemblage in Spain at
∼430 ka (13) and are also observable on the Swanscombe (UK)
skull of about the same age (14, 15). In congruence with these
morphological analyses, recent studies of nuclear DNA sequences
retrieved from the SH material also situate that assemblage on the
Neandertal evolutionary lineage. This finding implies that the
Neandertal-Denisova split must have occurred before ∼430 ka
and that ancestors of modern humans split from the source
population of Neandertals and Denisovans as early as the be-
ginning of the Middle Pleistocene: 550–765 ka (16).
Good agreement also exists now between studies of mor-
phology and genetics for the very end of the Neandertal lineage.
The morphology of the Pestera cu Oase (Romania) fossils, the first
modern humans from Europe, dated to 42–39 ka, was (contro-
versially) interpreted as the result of interbreeding between Ne-
andertals and modern humans (17), a view recently confirmed by
genetic analysis demonstrating that the inferred hybrid had a
Neandertal ancestor four to six generations before his time (18). A
study of the modern human genome sequenced from the 45,000-
y-old femur from Ust’-Ishim (Siberia) dates Neandertal-modern
human interbreeding roughly between 50 and 60 ka (19), in line
with the estimates from the Kostenki 14 (Russia) study (20). In-
terbreeding also occurred much earlier, however, and gene flow
went both ways as shown by a genetic contribution from ancient
modern humans in Altai Neandertals, the result of interbreeding
of the ancestors of these eastern Neandertals with modern hu-
mans, an estimated 100,000 y ago (21). These observations in-
dicate that admixture between Neandertals and early modern
humans occurred repeatedly in various regions and over several
tens of thousands of years.
With earlier claims for a late survival of Neandertals in Europe
largely falsified—most proven to be based on radiocarbon sam-
ples suffering from incomplete removal of contamination (22–24,
but see ref. 25 for some late sites in Iberia)—Neandertal extinction
can now be dated to the period 41–39 ka (26). There is significant
debate over the age of the earliest modern humans in Europe, but
if we limit ourselves to the directly dated human remains, there are
no dates before 41.5 ka, the upper range of the Pestera cu Oase
material’s calibrated C14 age. As one can safely assume that our
fossil sample in all likelihood does not sample the very last Ne-
andertal or the very first modern human, an overlap of minimally
2,000 y within Europe can be inferred. However, when discus-
sing the C14 dates for the demise of the Neandertals and the
arrival of modern humans, we should keep in mind that we are
working in a time period close to the limits of the radiocarbon
dating method (27).
The Neandertal fossil record is strongly biased toward Nean-
dertals fromWestern Europe, an area only about one-fifth the size
of their estimated total range but containing about three-quarters
of all of the sites which yielded Neandertal remains. This pattern is
partly related to the preservation of fossils in caves and rock
shelters in the limestone areas of France, Spain, and Italy, and
certainly also an artifact of the large amount of fieldwork done in
the western tip of Eurasia. In actual fact, the northern, eastern, and
southern limits to their distribution are poorly documented, be-
cause of striking imbalances in research intensity. Despite occa-
sional claims to the contrary (ref. 28 vs. 29), no unambiguous
Neandertal sites are known from areas above 53° north, in western
Europe (30), as well as in the eastern parts of their range. As for
their southern limits, no skeletal finds are known from Africa, but
one can infer the occasional interfingering of the Neandertal
range with that of near-modern contemporaries in the Near East.
Neandertals were very probably present in the northern parts of
the Levant before modern humans were there around 90–100 ka,
during Marine Isotope Stage (MIS) 5, with Neandertals again
present during MIS 4 (31). The Neandertal sample from the sites
of Kebara, Tabun, and Amud (Israel) differs from European con-
temporaries in craniofacial morphology, to the point that doubts
have been expressed about their identification as Neandertals,
stressing the morphological variability within both early sapiens
and Neandertal groups in the region (32).
The eastern part of the Neandertal range overlapped with that
of the recently discovered Denisovans (33), thus far mainly known
through their genetic signal, as well as through some teeth and
postcranial remains from Middle and Late Pleistocene deposits in
Denisova Cave in the Altai, a site which also yielded Neandertal
remains (34). Neandertals interbred with the Denisovan pop-
ulation, which once must have had a large geographical distri-
bution, from Siberia into tropical Asia. The Denisova site, part of a
Neandertal site cluster in southern Siberia (with Okladnikov and
Chagyrskaya), is situated in a tributary valley of the Ob drainage
system, which 1,500 km to the northwest yielded the Ust’-Ishim
fossil, at 57° north, further north than any Neandertal fossil un-
covered thus far.
Judging from the distribution of their fossils, Neandertals
ranged over an area of ∼10 million km2, i.e., much larger than
Australia. Within that area, their presence must have varied sig-
nificantly, in the rhythms of climatic variations so characteristic for
Pleistocene midlatitude environments: some areas may have seen
a semicontinuous presence of groups of Neandertals, whereas in
other parts of their range, discontinuity may have been more
common. The strong bias in the distribution of Neandertal fossils,
the poor state of sampling of major parts of Asia, and the results of
genetic studies (35) force us to be careful in making inferences on
the core and peripheries of the Neandertal world. What is clear is
that Neandertal populations in the west differed from the ones in
the east (21, 35) and that they were very dynamic on both regional
and larger geographical scales. High-resolution data from north-
western Europe for instance show clear phases of presence
and absence of Neandertals in the Late Pleistocene (36, 37),
very probably the result of a process of repeated phases of
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colonization, regional extinction, and recolonization, also during
earlier glacial–interglacial cycles (37). This process must have
been an important factor in the demography of these populations,
including their limited genetic variation (15, 38): genetic studies
show that (late) Neandertal populations had small effective pop-
ulation sizes and were inbred, not only in relation to extant hu-
mans within Europe, but also in comparison with their Denisovan
contemporaries (34): they were “thin on the ground” (39) indeed,
even though making quantitative assessments of population
densities in any given area is problematic (40).
Neandertal Ways of Life
Neandertals were large-brained and large-bodied robust homi-
nins, their long and flat skulls characterized by features that dis-
tinguish them from other members of the genus Homo, including
a strong midfacial prognathism and a globular shape of the cra-
nium when viewed from behind. Their overall body form was
characterized by a short stature, a wide trunk, and a “barrel-
shaped” chest, somewhat comparable to today’s humans from
colder regions (39), and possibly entailing higher energetic needs
compared with modern humans (41).
Considerable attention has been given to the question
whether they showed the prolonged growth period of modern
humans, an important characteristic of the knowledge-intensive
hunter-gatherer niche (42). Focusing on tooth growth as an in-
dication for somatic growth, one study concluded that Neandertal
dental growth patterns are encompassed within the modern hu-
man range of interpopulation variation (43). More recent studies
found evidence for faster dental maturation in most Neandertals
(44), inferred to be consistent with cranial evidence for subtle
developmental differences between Neanderthals and Homo
sapiens (45, 46), which could have impacted the length of the
critical learning period. Analysis of an immature hominin mandible
from the more than 800,000-y-old TD6 level at Atapuerca (Spain),
however, suggests that the source population of both Neander-
tals and modern humans already had a fully modern pattern of
dental development (47).
A series of comparative studies of young vs. older adult mor-
tality distributions for Neandertals and early modern humans, as
well as early Upper Paleolithic, addressed possible differences
between the populations (48, 49). These studies indicate “. . .only
subtle and paleontologically invisible changes in human paleo-
demographics with the establishment of modern humans “ (49),
an assessment that might need to be qualified in the light of the
difficulties in establishing longevity, because of the problems with
aging adult skulls. Interestingly, the traumas identified in Nean-
dertal skeletal remains are no different from extant hunter-gath-
erers (50, 51).
Hunting clearly was the main method of meat procurement by
Neandertals (52, 53), from the very beginning of the lineage on-
ward, as illustrated by the ∼300,000-y-old carefully crafted (54)
wooden spears and the associated remains of large ungulate prey
animals at Sch}oningen (Germany) (55–57). Stone-tipped spears
seem to have been part of their hunting equipment too (58–61).
They hunted a wide range of animals including reindeer and horse
in colder settings up to the larger herbivores of interglacial for-
ested environments, such as rhinoceros (62), deer, and bovids
(63), with some assemblages documenting a strong focus on prey
animals in their prime and patterns of faunal exploitation com-
parable to recent hunter-gatherers (64). Earlier carbon and ni-
trogen isotope studies of collagen from Neandertal skeletal
remains suggested that they were top-level carnivores obtaining
most of their proteins from terrestrial animals, likely medium and
large herbivores such as bovids and horses (65), but the Nean-
dertals sampled were mostly from northern open and cold stage
environmental settings. These results have been complemented
by studies demonstrating a much broader diet, including aquatic
foods (fish and molluscs), small animals (including tortoises, birds,
and rabbits), and a variety of plant resources across their range (2,
66, 67). Some of those plant remains were very probably cooked,
as suggested by plant microfossils recovered from the calculus of
Neandertal teeth (68), a new source of data regarding the food of
early hominins (69–71). A recent study (67) compared Neandertal
plant use to that of African Middle Stone Age (MSA) populations
and Upper Paleolithic groups, but failed to find any differences
between Neandertals and contemporary near-modern humans, as
well as more recent ones.
Marine shellfish collecting, seen by some as a distinctive trait of
modern humans (72), has been documented at various Nean-
dertal sites on the Iberian peninsula. Bajondillo Cave (Spain), close
to the sea shore during all phases of the Pleistocene, yielded
evidence for continuous use of coastal resources between ∼150
and 40 ka (73), its early dates coinciding with the first evidence for
exploitation of marine resources by early modern humans at
Pinnacle Point in South Africa. As discussed by Klein and Bird (74),
near-coastal rockshelters with fills that formed during low sea level
periods are very rare, limited to coasts with a steep offshore
profile, such as at Bajondilla Cave. The known record thus cannot
show when people, Neandertals or archaic humans, first collected
shellfish. Given the high nutritional value and the ease with which
shellfish can be collected, this very probably started long before
150,000 y ago (75).
With the beginning of the Neandertal lineage now situated in
the first half of the Middle Pleistocene, the stone tools produced
by the earliest Neandertals can be classified as Acheulean, a
handaxe-dominated technological tradition that ended approxi-
mately 300,000 y ago in Europe. The Acheulean saw a distribution
over major parts of the Old World, including Africa, Europe, and
parts of Asia. The beginning of the Middle Paleolithic, around MIS
8, is characterized by the Levallois method, a technique to extract
blanks of predetermined form from carefully prepared cores.
From around 300 ka onward, Neandertals again shared with their
MSA contemporaries the use of this Levallois method (76),
whereas alongside the Levallois technique, older, more expedi-
ent, techniques kept on being used by Middle and Late Pleisto-
cene African and Eurasian populations. The blanks obtained by
the Levallois and other techniques could be used as such or after
having been retouched for sharpness or strength. The Middle
Paleolithic is a period of technological diversity, with the pro-
duction of flakes, blades, points, and to a lesser extent, bifacial
pieces, documented throughout the entire ∼250,000 y (37) in
both the Neandertal record and in the record of near-modern
humans in the Levant (77). The higher resolution of data for the
later (i.e., Late Pleistocene) parts of the Middle Paleolithic has
enabled the identification of clear spatiotemporal units, including
the Mousterian of Acheulian Tradition (MTA) of Southwest France
(78) and the Quina Mousterian, dated between 70 and 40 ka. The
Dordogne area in southwest France is famous for a recurrent
succession of Ferrassie, Quina, and MTA (79, 80), whereas in
Spain, Quina can be found directly underneath transitional or
Upper Paleolithic assemblages (81). The Keilmessergruppen
(KMG) of Central Europe, dated between MIS 5 and MIS 3, have
bifacial tools that are technologically and typologically well-
defined guide fossils. The KMG can be further subdivided into
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separate inventory types in a clear chronological succession and
with regional differentiation (82, 83). As detailed elsewhere (2),
these technocomplexes may in terms of their duration have been
similar to the contemporaneous South African MSA tech-
nocomplexes of the Stillbay and the Howiesons Poort.
Neandertal lithic assemblages show a strong focus on the
exploitation of local (<5 km from the site) raw materials, with
transport of stone artifacts over larger distances (>50 km) occur-
ring in small, variable proportions. One of the striking features of
the Middle Paleolithic record is the ubiquitous transport of stone
artifacts of a wide variety of forms, selected by Neandertals using
criteria that were sometimes far removed from what archeologists
consider to be desired end products of knapping activities, in-
cluding small irregular flakes and, in a few cases, even chunks,
accidental byproducts of flaking (84). Some rock shelter sites show
the reuse of already patinated blanks or the introduction of nat-
urally broken pieces of flint, geofacts picked up en route and used
as blanks for tool production. This relaxed attitude toward tool
blanks is comparable to what has been documented in the Aus-
tralian record (85), whereas also earlier phases of the Upper
Paleolithic—including the Aurignacian—show strong similarities
to Middle Paleolithic raw material strategies, at least in the well-
studied Aquitaine basin in southwestern France (84).
The mobile character of Neandertal lifestyles, as suggested by
the spatial fragmentation of their stone tool production, is also
borne out by their archeological sites, where only very little in-
vestment in site furniture (86), i.e., archeologically visible remains
of dwelling structures or stone-lined fire-places, has been docu-
mented, as is the case for their African MSA contemporaries also.
If Neandertals built structures (87), they were generally not sig-
nificant enough to leave clear archeological traces.
There exists considerable debate over the antiquity of fire use
in the human lineage, but both the European (88) and Levantine
record (89) suggest that fire became a fixed part of the hominin
repertoire around 350,000 y ago—even though some have sug-
gested that Neandertals, although proficient fire users, were not
able to produce fire at will (90, 91). Most Neandertal sites yielded
traces of fire use, at some sites in the form of stacked fireplaces—
simple lenses of ash and charcoal—testifying to repetitive occur-
rences of fires over longer periods of time, as at Roc de Marsal
(France) and Kebara (Israel), features comparable to the fire places
of the Klasies River Mouth caves in South Africa (92).
The heat treatment of silcrete in the African MSA has been
presented as “the earliest known pyrotechnology” (12), dating
back to ∼160 ka (93). The complexity of heat treatment (i.e., re-
quiring more or less steps for its realization) is debated (12, 94,
95), with a recent study yielding strong evidence that it could be
conducted directly using an open fire, alongside other daily, fire-
related activities (96). It certainly is a simple procedure compared
with the complex technology recipe for Neandertal glues, based
on using fire to synthesize pitch from birch bark, through a mul-
tistep process that relied on strict control of temperature and re-
quired a dry distillation excluding oxygen (88, 97). The oldest
finds date to more than 200 ka (98), and other such pitches come
from Late Pleistocene Neandertal sites in Germany of approxi-
mately 80 ka (99). Like modern humans heating their silcrete at
Pinnacle Point, Neandertals also used fire as a transformative
technology to heat treat existing natural materials, such as bi-
tumen for hafting purposes (100).
Late Pleistocene near-modern humans in South Africa are
often credited with a “complex cognition” that would have
produced a “symbolically mediated worldview and facilitated
language ability” (12). The use of iron oxides (purportedly as
pigments for personal decoration), the use of transported marine
shells, and the presence of cross-hatched lines on pieces of bone
and ochre are often taken as a proxy for such complex cognition.
However, translating archeological finds into statements about
complex cognition and use of symbols involves a series of in-
ferential steps, only some of which can be supported by solid
evidence, given the elusive character of symbols from past soci-
eties (101). Comparable chains of inference have been built
around evidence for Neandertal use of manganese blocs (102),
transported and ochre-smeared marine shells (103, 104), use of
raptor claws (105, 106), and Neandertal exploitation of bird
feathers (105, 107). Such uses have been documented repeatedly,
at various sites, and hence seem to have been part of the Nean-
dertal behavioral repertoire. The context of the use (functional,
symbolical, both) of these finds is unknown, as explicitly stated for
the early (250 ka) ochre finds at Maastricht-Belvédère (The
Netherlands) (108), and needs further exploration, as underlined
by a recent study of manganese dioxides in late Middle Paleolithic
sites in southwest France (109). What is important here is that we
have comparable evidence both from the Neandertal world, as
well as from the African MSA. It should not come as a surprise that
the record from these two areas indicates somewhat different
trajectories, with, for example, the use of manganese very rare in
the MSA but common in the later Middle Paleolithic, and the late
Neandertals (of the so-called Châtelperronian) developing their
own ways of producing personal ornaments (110).
A geometric engraving earlier than the ones from Blombos in
South Africa has recently been published from the Homo erectus
site of Trinil, Java. The marking, dated to around 450 ka (75), is a
unique case thus far, but it shows that such engravings were within
the range of the capacities of the hominin metapopulation already
in the middle part of the Middle Pleistocene.
A lot of ink has been spilled on another issue thought to be
relevant for the symbolic domains of the Neandertal world: bur-
ials. The presence of a number of fully articulated Neandertal
skeletons (see ref. 111, table S7 for a west European sample)
suggests that some Neandertals covered dead conspecifics with
sediments, i.e., that they buried their dead. However, as ref. 112
emphasizes, we have to differentiate between a burial—a body
covered with sediment—and a funeral, which denotes a symbolic
ritual possibly based on spiritual beliefs. In the absence of un-
ambiguous grave goods associated with Neandertal skeletons,
we have no evidence whatsoever for funerals in the Neandertal
record. Burials by contemporary near-modern humans are limited
to the ones from Qafzeh and Skuhl in Israel, strongly resembling
those of the Neandertals “. . . in their essential simplicity” (92). This
description applies to many Upper Paleolithic burials also, how-
ever: a recent review of the Upper Paleolithic burials in Eurasia
(113) concludes (i ) that for the whole of the Eurasian Upper Pa-
leolithic, there is only a small number of burials (3/1,000 y), (ii) the
earliest Upper Paleolithic burials postdate the arrival of modern
humans in Europe by ∼10,000 y, (iii) Upper Paleolithic burials
differ widely in terms of elaborateness, and (iv) in many cases, the
evidence for funerary rituals is very thin, with the authors sug-
gesting that most of the items traditionally considered as Upper
Paleolithic grave goods are probably personal ornaments worn in
life. Elaborate forms of burial behavior certainly existed within the
Upper Paleolithic (see ref. 114 for an overview), as exemplified by
the 27,000-y-old ochre-covered infant burials of Krems-Wachtberg
(Austria) (115) and the 2,000-y younger Sunghir (Russia)
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burials, but most burials were vastly more sober and not as dif-
ferent from the Neandertal record as commonly thought.
Discussion
Given the hundreds of thousands of years of (relatively) separate
evolution, the huge geographical areas at stake (Africa, western
Eurasia), and the small sample sizes at our disposal, it would be
too far-fetched to state that Neandertals and their MSA contem-
poraries were indistinguishable in their archeology. As mentioned
above, for instance, in the later phases of the MSA, as well as of
the Middle Paleolitic, different technological trajectories de-
veloped, and on entering western Eurasia, some modern humans
seem to have ventured further north than any of the preceding or
contemporary Neandertals. However, it is also a fact that the
archeological records of Neandertals and their African near-
modern human contemporaries are very similar in terms of what
were once thought to be standard markers of modern cognitive
and behavioral capacities, such as diversity of subsistence strat-
egies and diet, use of minerals, use and transport of lithics, shells,
personal ornaments, and hafting, and pyrotechnology. As dis-
cussed elsewhere (2), these findings are at odds with the view that
extinction and replacement of Neandertals should be explained
mainly in terms of substantial cognitive and technological differ-
ences with their African contemporaries (12). Rather, the Nean-
dertal demise appears to have resulted from a complex and
protracted process including multiple factors such as low Nean-
dertal population density, interbreeding with some cultural con-
tact, possible male hybrid sterility, and contraction in geographic
distribution, followed by genetic swamping and assimilation by
modern human immigrants. There is no doubt that the Neandertal
phenotype ultimately disappeared through (some form of) com-
petition with modern humans who outbred the Neandertals, even
though the specifics of that process still are largely unexplored.
That process must have varied regionally, with in some regions,
members of what we tend to call the two populations actually
interacting, whereas in others, e.g., the Swabian Jura (Germany)
(116), immigrants may have entered territory that had not seen a
Neandertal presence for some time. With as a caveat the absence
of any archeology unambiguously relatable to the Denisovan part
of the Middle and Late Pleistocene hominin “metapopulation,” it
is fair to say that a major change in the archeological record occurs
only around 40 ka, with the first and repetitive production of 3D
sculptures (117), the almost simultaneous emergence of rock art in
the form of hand stencils (118), and figurative paintings of animals,
both in western Europe and more than 10,000 km to the east, at
Sulawesi (119, 120). We have to bear in mind here that the ages
for the oldest rock art from Europe and from Asia are minimum
dates, obtained on overlying (dated) calcite accretions, and that
the art itself may prove to be older. However, from the hundreds
of thousands of years in which Neandertals and their African near-
modern contemporaries littered their landscapes with all kinds of
artifacts, nothing has been retrieved that is in any way comparable
to the visual representations (“art”) and the general increase in
diversity in material culture we see from around 40 ka onward.
These developments coincided with a significant range expansion
of modern humans, for the first time in human history colonizing
the arctic parts of the Old World (121, 122), as well as moving into
Sahul (123), crossing a major biogeographical boundary that
had prevented hominin eastward migration for more than
a million years.
There exists a range of explanations for these major changes
within the record of modern humans, including demographic
factors, e.g., changes in the population size of modern humans
(see ref. 124 for a review) and a key neural mutation thought to
have promoted the final development of the modern human brain
(125). It has also been suggested that the new types of material
culture considered typical for the Upper Paleolithic cultures,
evolved among populations of modern humans only as they made
“. . .ever further inroads into the range of archaic hominins,” and
that it may have been these “frontier settings” in which modern
symbolic behavior emerged (126). At the same time, it is also
worth stressing that not all modern humans from 40 ka onward
produced a record comparable to that of the European Upper
Paleolithic, as famously shown by the record from Pleistocene
greater Australia (123, 127).
One of the questions in the relationship between Neander-
tals and modern humans is how to explain how the Neandertal
phenotype, adapted over a period of more than 300,000 y to the
predominantly colder conditions in (western) Eurasia, came to be
replaced within a few thousand years by a modern human
phenotype, largely developed in the tropical and subtropical
settings of (sub)Saharan Africa. The presence of near modern
humans in the Levant at around 100 ka, however, already qual-
ified any view of an immediate replacement of Neandertals by
migrating modern humans as soon as they left Africa. The recent
study of modern human teeth from southern China, if sub-
stantiated by future research, would be of relevance here too, as
the authors claim that modern humans were already present in
eastern Asia minimally 40,000 y before they showed up in
Europe, suggesting that Neandertals could indeed have been a
long-time barrier for modern human expansion into western
Eurasia (5).
Conclusion
As far as the archeological record goes, the cultural capacities of
the late Middle and early Late Pleistocene populations in Africa
and Eurasia were remarkably comparable, with purported cultural
markers such as exploitation of coastal resources and complex
recipe technologies present in both the modern human MSA and
the Neandertal record (the Neandertal pitches being our best and
earliest example of a complex recipe technology). It is only around
40 ka, tens of thousands of years after the modern human phe-
notype appeared outside of Africa, and thousands of years after
the first interbreeding between modern humans, Neandertals,
and Denisovans occurred, that we see a major change in the
archeological record, on both sides of the spatial distribution of
modern humans, in western Eurasia and in Southeast Asia,
reflected in the production of 2D and 3D visual representations
and in a significant range expansion of modern humans.
Explaining this transformation in terms of models that acknowl-
edge the Neandertal archeological record and the biological and
cultural fluidity within the hominin metapopulation is the chal-
lenge for the next decade.
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40 Dogandzić T, McPherron SP (2013) Demography and the demise of Neandertals: A comment on ‘Tenfold population increase in Western Europe at the
Neandertal-to-modern human transition’. J Hum Evol 64(4):311–313.
41 Heyes P, MacDonald K (2015) Neandertal energetics: Uncertainty in body mass estimation limits comparisons with Homo sapiens. J Hum Evol 85:193–197.
42 Kaplan HS, Hill K, Lancaster J, Hurtado AM (2000) A theory of human life history evolution: Diet, intelligence and longevity. Evol Anthropol 9(4):156–185.
43 Guatelli-Steinberg D, Reid DJ, Bishop TA, Larsen CS (2005) Anterior tooth growth periods in Neandertals were comparable to those of modern humans. Proc Natl
Acad Sci USA 102(40):14197–14202.
44 Smith TM, et al. (2010) Dental evidence for ontogenetic differences between modern humans and Neanderthals. Proc Natl Acad Sci USA 107(49):20923–20928.
45 Hublin J-JNS, Neubauer S, Gunz P (2015) Brain ontogeny and life history in Pleistocene hominins. Philos Trans R Soc Lond B Biol Sci 370(1663):20140062.
46 Zollikofer CPE, De León MSP (2013) Pandora’s growing box: Inferring the evolution and development of hominin brains from endocasts. Evolutionary
Anthropology: Issues. News Rev (Melb) 22(1):20–33.
47 Bermúdez de Castro JM, et al. (2010) New immature hominin fossil from European Lower Pleistocene shows the earliest evidence of a modern human dental
development pattern. Proc Natl Acad Sci USA 107(26):11739–11744.
48 Caspari R, Lee S-H (2006) Is human longevity a consequence of cultural change or modern biology? Am J Phys Anthropol 129(4):512–517.
49 Trinkaus E (2011) Late Pleistocene adult mortality patterns and modern human establishment. Proc Natl Acad Sci USA 108(4):1267–1271.
50 Hutton Estabrook V (2009) Sampling biases and new ways of addressing the significance of trauma in Neanderthals. PhD dissertation (Univ of Michigan, Ann
Arbor, MI).
51 Trinkaus E (2012) Neandertals, early modern humans, and rodeo riders. J Archaeol Sci 39(12):3691–3693.
52 Gaudzinski-Windheuser S, Niven L (2009) Hominin subsistence patterns during the Middle and Late Paleolithic in Northwestern Europe. The Evolution of Hominin
Diets: Integrating Approaches to the Study of Palaeolithic Subsistence, eds Hublin J-J, Richards MP (Springer, Leipzig), pp 99–111.
53 Villa P, Lenoir M (2009) Hunting and hunting weapons of the Lower and Middle Paleolithic of Europe. The Evolution of Hominin Diets. Integrating Approaches to
the Study of Palaeolithic Subsistence, eds Hublin J-J, Richards MP (Springer, Dordrecht), pp 59–85.
Roebroeks and Soressi PNAS | June 7, 2016 | vol. 113 | no. 23 | 6377
54 Schoch WH, Bigga G, Böhner U, Richter P, Terberger T (2015) New insights on the wooden weapons from the Paleolithic site of Schöningen. J Hum Evol
89:214–225.
55 Thieme H (1997) Lower Palaeolithic hunting spears from Germany. Nature 385(6619):807–810.
56 Voormolen B (2008) Ancient hunters, modern butchers. Schöningen 13II-4, a kill-butchery site dating from the Northwest European Lower Palaeolithic.
J Taphonomy 6(2):71–247.
57 Conard NJ, et al. (2015) Excavations at Schöningen and paradigm shifts in human evolution. J Hum Evol 89:1–17.
58 Villa P, Soriano S (2010) Hunting weapons of Neanderthals and early modern humans in South Africa: Similarities and differences. J Anthropol Res 66(1):5–38.
59 Villa P, Boscato P, Ranaldo F, Ronchitelli A (2009) Stone tools for the hunt: Points with impact scars from a Middle Paleolithic site in southern Italy. J Archaeol Sci
36(3):850–859.
60 Soressi M, Locht JL (2010) Les armes de chasse de Neandertal. Archéopages 27:6–11.
61 Rots V (2013) Insights into early Middle Palaeolithic tool use and hafting in Western Europe. The functional analysis of level IIa of the early Middle Palaeolithic site
of Biache-Saint-Vaast (France). J Archaeol Sci 40(1):497–506.
62 Bratlund B (2000) Taubach revisited. Jahrbuch Römisch-Germanischen Zentralmuseums Mainz 46:61–174.
63 Gaudzinski-Windheuser S, Kindler L, Pop E, RoebroeksW, Smith G (2014) The Eemian Interglacial lake-landscape at Neumark-Nord (Germany) and its potential for
our knowledge of hominin subsistence strategies. Quat Int 331:31–38.
64 Gaudzinski S, Roebroeks W (2000) Adults only. Reindeer hunting at the middle palaeolithic site salzgitter lebenstedt, northern Germany. J Hum Evol 38(4):
497–521.
65 Richards MP, Trinkaus E (2009) Out of Africa: Modern human origins special feature: isotopic evidence for the diets of European Neanderthals and early modern
humans. Proc Natl Acad Sci USA 106(38):16034–16039.
66 Fiorenza L, et al. (2015) To meat or not to meat? New perspectives on Neanderthal ecology. Am J Phys Anthropol 156(Suppl 59):43–71.
67 Henry AG, Brooks AS, Piperno DR (2014) Plant foods and the dietary ecology of Neanderthals and early modern humans. J Hum Evol 69:44–54.
68 Henry AG, Brooks AS, Piperno DR (2011) Microfossils in calculus demonstrate consumption of plants and cooked foods in Neanderthal diets (Shanidar III, Iraq; Spy
I and II, Belgium). Proc Natl Acad Sci USA 108(2):486–491.
69 Hardy K, et al. (2012) Neanderthal medics? Evidence for food, cooking, and medicinal plants entrapped in dental calculus. Naturwissenschaften 99(8):617–626.
70 Hardy K, et al. (2015) Dental calculus reveals potential respiratory irritants and ingestion of essential plant-based nutrients at Lower Palaeolithic Qesem Cave Israel.
Quaternary Int, 10.1016/j.quaint.2015.04.033.
71 Salazar-García DC, et al. (2013) Neanderthal diets in central and southeastern Mediterranean Iberia. Quaternary Int 318:3–18.
72 Marean CW, et al. (2007) Early human use of marine resources and pigment in South Africa during the Middle Pleistocene. Nature 449(7164):905–908.
73 Cortés-Sánchez M, et al. (2011) Earliest known use of marine resources by Neanderthals. PLoS One 6(9):e24026.
74 Klein R, Bird DW (2016) Shellfishing and human evolution. J Anthropol Archaeol, in press.
75 Joordens JCA, et al. (2015) Homo erectus at Trinil on Java used shells for tool production and engraving. Nature 518(7538):228–231.
76 Adler DS, et al. (2014) Early Levallois technology and the Lower to Middle Paleolithic transition in the Southern Caucasus. Science 345(6204):1609–1613.
77 Bar-Yosef O, Pilbeam D, eds (2000) The Geography of Neandertals and Modern Humans in Europe and the Greater Mediterranean (Peabody Museum of Ar-
chaeology and Ethnology, Harvard Univ, Cambridge, MA).
78 Soressi M (2005) Late Mousterian lithic technology: Its implications for the pace of the emergence of behavioural modernity and the relationship between
behavioural modernity and biological modernity. From Tools to Symbols: From Early Hominids to Modern Humans, eds Backwell L, d’Errico F (Witwatersrand Univ
Press, Johannesburg), pp 389–417.
79 Mellars P (1996) The Neanderthal Legacy: An Archaeological Perspective from Western Europe (Princeton Univ Press, Princeton) pp xix, 471.
80 Jaubert J (2011) Les archéoséquences du Paléolithique moyen du Sud-Ouest de la France: quel bilan un quart de siècle après François Bordes? François Bordes et
la Préhistoire. Colloque International François Bordes, Bordeaux 22-24 avril 2009, eds Delpech F, Jaubert J (Editions du CTHS, Paris), pp 235–253.
81 Cabrera Valdés V, Valladas H, Bernaldo de Quiros F, Hoyos Gomez M (1996) La transition Paléolithique moyen-Pal’eolithique supérieur à El Castillo (Cantabrie):
nouvelles datations par le carbone-14. Comptes Rendus Acad Sciences, Paris 322(12):1093–1098.
82 Jöris O (2004) Zur chronostratigraphischen Stellung der spätmittelpaläolithischen Keilmessergruppen. Bericht Römisch-Germanischen Kommission 84:49–153.
83 Jöris O (2006) Bifacially backed knives (Keilmesser) in the Central European Middle Palaeolithic. Axe Age: Acheulian Tool-making from Quarry to Discard, eds
Goren-Inbar N, Sharon G (Equinox Publishing Ltd., London), pp 287–310.
84 Turq A, Roebroeks W, Bourguignon L, Faivre J-P (2013) The fragmented character of Middle Palaeolithic stone tool technology. J Hum Evol 65(5):641–655.
85 Holdaway S, Douglass M (2011) A twenty-first century archaeology of stone artifacts. J Archaeol Method Theory 19(1):101–131.
86 Binford LR (1979) Organization and formation processes: Looking at curated technologies. J Anthropol Res 35(3):255–273.
87 Chu W (2009) A functional approach to Paleolithic open-air habitation structures. World Archaeol 41(3):348–362.
88 Roebroeks W, Villa P (2011) On the earliest evidence for habitual use of fire in Europe. Proc Natl Acad Sci USA 108(13):5209–5214.
89 Shimelmitz R, et al. (2014) ‘Fire at will’: The emergence of habitual fire use 350,000 years ago. J Hum Evol 77:196–203.
90 Sandgathe DM, et al. (2011) On the role of fire in Neandertal adaptations in western Europe: Evidence from Pech de l’Azé and Roc de Marsal, France.
PaleoAnthropology 2011:216–242.
91 Sorensen A, Roebroeks W, van Gijn A (2014) Fire production in the deep past? The expedient strike-a-light model. J Archaeol Sci 42:476–486.
92 Klein RG (2009) The Human Career: Human Biological and Cultural Evolution (Univ of Chicago Press, Chicago), 3rd Ed.
93 Brown KS, et al. (2009) Fire as an engineering tool of early modern humans. Science 325(5942):859–862.
94 Schmidt P, et al. (2013) Heat treatment in the South African Middle Stone Age: Temperature induced transformations of silcrete and their technological
implications. J Archaeol Sci 40(9):3519–3531.
95 Wadley L, Prinsloo LC (2014) Experimental heat treatment of silcrete implies analogical reasoning in the Middle Stone Age. J Hum Evol 70:49–60.
96 Schmidt P, et al. (2015) A previously undescribed organic residue sheds light on heat treatment in the Middle Stone Age. J Hum Evol 85:22–34.
97 Wragg Sykes RM (2015) To see a world in a hafted tool: Birch pitch composite technology, cognition and memory in Neanderthals. Settlement, Society and
Cognition in Human Evolution: Landscapes in the Mind, eds Coward F, Hosfield R, Pope M, Wenban-Smith F (Cambridge Univ Press, Cambridge, UK), pp
117–137.
98 Mazza PPA, et al. (2006) A new Palaeolithic discovery: Tar-hafted stone tools in a European Mid-Pleistocene bone-bearing bed. J Archaeol Sci 33:1310–1318.
99 Koller J, Baumer U, Mania D (2001) High-tech in the Middle Palaeolithic: Neandertal-manufactured pitch identified. Eur J Archaeol 4(3):385–397.
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